In this study, the antioxidant, carbohydrate metabolism, cholinergic, monoaminergic, and purinergic enzyme activities of ethyl acetate leaf fraction of Cnidoscolus aconitifolius were evaluated with the high-performance liquid chromatography (HPLC) analysis. The ethyl acetate fraction of the plant leaf was tested for antioxidant properties, key carbohydrate metabolism, cholinergic, monoaminergic, and purinergic enzyme activities using standard procedures, while the chemical composition of the fraction was evaluated using HPLC. The results revealed that the fraction has higher phenolic compounds than flavonoid and exhibited the ability to scavenge iron chelation and ABTS. The fraction also inhibited the activities of α-amylase and α-glucosidase, acetylcholinesterase, butyrylcholinesterase, monoamine oxidase, tyrosinase, arginase, Ecto-5'-nucleotidase, phosphodieterase-5, angiotensin-I-converting enzyme and encouraged the activity of Na + /K + -ATPase. The HPLC analysis revealed that the ethyl acetate fraction contained coumaric acid, amentoflavone, hesperidin, protocatechuic acid, kaempferol, dihydromyricetin, quercetin,and rutin. The obtained results in this study suggest that the ethyl acetate fraction obtained from aqueous extracts of Cnidoscolus aconitifolius leaf possessed outstanding antioxidative potentials. Thus, excellent enzyme inhibitory activities probably due to bioactive compounds are also observed in the leaf.
Introduction
Diabetes mellitus, especially type II is a lingering disease with increasing fasting blood glucose level (hyperglycaemia). [1] Presently, more than 422 million people globally are suffering from diabetes mellitus, particularly type II diabetes mellitus, and it is anticipated to reach 642 million by 2040 if necessary actions are not taken. [2, 3] Added to this, diabetes mellitus is rated as the sixth leading cause of death. [4] One of the features of type II diabetes mellitus is non-insulin-dependent hyperglycaemia. [5] Fujisawa et al. [6] have documented that persistent hyperglycaemia might induce production of free radical mainly as reactive oxygen species (ROS). This may trigger the destruction of pancreatic beta cell, an insulin-secreting organ, and couple with the stimulation of all key pathways essential for diverse mechanisms of chronic vascular diabetes mellitus complications like glycation and sorbitol pathways amongst others. [7, 8] Furthermore, persistent hyperglycaemia may trigger neurodegenerative diseases, erectile dysfunction, hypertension, etc. Moreover, several studies have suggested that there is a negative correlation between the consumption of the plant products and the incidence of some chronic diseases such as atherosclerosis, Alzheimer's diseases, and diabetes mellitus. [9] Adefegha et al. [10] described neurodegenerative diseases as a multifactorial disease, associated with loss in memory, poor learning habit, cognitive dysfunction, neuronal death, and brain damage. The pathogenesis of neurodegenerative diseases are linked to continuous hyperglycaemia which may promote oxidative stress, defeat in neuronal function, reduction of neurotransmitters, alterations in protein expression, and protein aggregation amongst others as reported by Uttara et al. [11] In another vein, erection of penile is known as neurovascular event, depending on neural integrity, functional ability of vascular system, and healthy cavernosal tissue. [12] This process required relaxation of the corpus cavernosum smooth muscles and vasodilation of the arterioles in the penis as reported by Kandeel et al. [13] This encourages increase in pressure of blood flow and expansion of the sinusoidal spaces of the tissue with enlargement of penis. Persistent hyperglycaemia, which induces oxidative stress, could trigger alterations in the penile vasculature may trigger the impairment of the erection process which leads to the development of erectile dysfunction.- [14] This is one of the secondary problem associated with men suffering from diabetes mellitus globally, especially at chronic stage.
Several bioactive compounds have been documented and isolated with medicinal properties from herbal products. For instance, phenolic compounds are documented as responsible for the antioxidant activities of plants. These phytochemicals have been reported to be beneficial in the management of a plethora of neurodegenerative diseases, diabetes mellitus, and cardiovascular diseases. [15, 16] In addition to these, food additive such as saffron is also known in natural medicine for improving memory and learning abilities and for the treatment of sickness such as spasm, asthma, bronchitis, fever, colds, and cardiovascular diseases; furthermore, it also possesses anticancer, antioxidant, hypolipemic, and anticonvulsant activities. [17, 18] Hence, numerous pharmacological methods have been used in the management and/or treatment of these diseases but are characterized with series of side effects. Moreover, these are expensive and not even available in the rural areas. Therefore, one of the main focus of the scientist globally is to develop alternative means of treatments/management of these diseases with no or little side effects. This includes application of functional foods. Africa, especially in Nigeria, is a country endowed with series of functional foods. Example of such plant is Cnidoscolus aconitifolius (family Euphorbiaceae), usually called Chaya. This plant is also called spinach tree and is consumed as vegetable soups and salads across Nigeria. Cnidoscolus aconitifolius is a plant with medicinal benefits for different diseases such as diabetes mellitus, atherosclerosis, hypertension, etc., as reported by Kuti and Torres. [19] The plant is a rich source of protein, vitamins, calcium, iron, and in vitro antioxidants. [20] The aqueous leaf extract of Cnidoscolus aconitifolius has been documented by Obichi et al. [21] on some antioxidant enzymes and haematological parameters of high-fat diet and streptozotocin-induced diabetic Wistar albino rats. Hence, there is scanty information on ethyl acetate fraction of the plant leaf. Therefore, the present study was designed to focus on inhibitory activities of key enzymes on carbohydrate metabolism, cholinergic, monoaminergic, purinergic, and chemical fingerprinting of ethyl acetate fraction of Cnidoscolus aconitifolius leaves.
Materials and methods

Plant source and authentication
Cnidoscolus aconitifolius leaf was acquired from Basiri, Ado-Ekiti, Ekiti State, Nigeria on February 20, 2018 . This was then identified and authenticated by a Senior taxonomist at Forestry Research Institute of Nigeria, Ibadan, Nigeria.
Chemicals and plant material
All chemicals and reagents were procured from Sigma-Aldrich, Inc., (St Louis, MO, USA). The obtained Cnidoscolus aconitifolius leaves were washed using distilled water and air-dried for 20 days to a constant weight. Then, the air-dried leaves were pounded to a fine powder with the aid of a kitchen blender and stored in an airtight container for subsequent analyses. Thereafter, 100 g of the powdered sample was soaked in 1000 mL of distilled water for 24 h with intermittent shaking. It was filtered and dried using a water bath at 50°C. The obtained yield was 41.14 g. This was stored inside the fridge using a universal bottle. [22] Preparation of ethyl acetate fraction Five grams of the obtained yield was suspended in 500 mL of distilled water and successively partitioned with n-hexane (3 x 200 mL), ethyl acetate (3 x 200 mL), and n-butanol (3 x 200 mL). Rotary evaporator was used to dry the fractions at 40°C. The fractions were weighed separately, transferred into universal bottles, and stored at 4°C for subsequent analysis. [23] However, ethyl acetate fraction was the most potent from the preliminary assays carried out by the authors.
Determination of total phenolic content
An aliquot (1.0 mL) of appropriately diluted ethyl acetate fraction of Cnidoscolus aconitifolius was mixed with 0.5 mL 0.5 N Folin-Ciocalteu reagent, and the reaction was neutralized with saturated sodium carbonate (75 g/L). After incubation for 2 h at 25°C, the absorbance of the resulting mixture was read using a spectrophotometer. Total phenolic content of the fraction was expressed as milligrams of gallic acid equivalent (mg GAE) per 100 g of dry weight. [24] Determination of total flavonoid
The ethyl acetate fraction of Cnidoscolus aconitifolius (0.5 mg/mL), methanol (500 µL), 50 µL of 10% aluminum chloride (AlCl 3 ), 50 µL of 1 M potassium acetate, and 1.4 mL of distilled water was incubated at 25°C for 30 min. Thereafter, the absorbance of the reaction mixture was read at 415 nm and the total flavonoid content calculated as quercetin equivalent (mg GAE) per 100 g of dry weight. [25] Determination of metal ion chelating radical scavenging activity
The freshly prepared 500 μM FeSO 4 (150 μL) was added to a reaction mixture containing 168 μL 0.1 M Tris-HCl (pH 7.4), 218 μL saline, and 25 μL of different concentrations of the fraction. The reaction mixture was incubated for 5 min, before the addition of 13 μL 0.25% 1,10-phenanthroline (w/v). Also, ethylenediaminetetraacetic acid (EDTA) was used as a standard. The absorbance was subsequently read at 510 nm with the aid of the visible spectrophotometer. [26] Determination of 2,2-azino-bis3-ethylbenthiazoline-6-sulphonic acid (ABTS) radical scavenging activity ABTS cation radical was fashioned by the reaction between 7 mM ABTS in water and 2.45 mM potassium persulphate (1:1), which was stored in the dark place at room temperature for 12-16 h before use. ABTS + solution was then diluted with methanol to get an absorbance of 0.700 at 734 nm. After the addition of 15 μL of ethyl acetate fraction of Cnidoscolus aconitifolius to 3.995 mL of diluted ABTS solution, the absorbance was read at 30 min after the initial mixing. The percentage inhibition of ABTS by the ethyl acetate fraction was calculated and compared with gallic acid as described by Re et al. [27] Determination of α-amylase inhibitory activity α-Amylase inhibitory activity of ethyl acetate fraction of Cnidoscolus aconitifolius was determined according to the method described by Shai et al. [28] with slight modifications. A 250 µL of the fraction or acarbose at different concentrations was incubated with 500 µL of porcine pancreatic amylase (2 U/mL) in 100 mM phosphate buffer (pH 6.8) at 37°C for 20 min. Thereafter, 250 µL of 1% starch dissolved in 100 mM phosphate buffer (pH 6.8) was then added to the reaction mixture and incubated for 1 h at 37°C. Then, 1 mL of dinitrosalicylic acid (DNS) was added and boiled for 10 min. The absorbance of the resulting mixture was measured at 540 nm.
Determination of α-glucosidase inhibitory activity α-Glucosidase inhibitory activity of ethyl acetate fraction of Cnidoscolus aconitifolius was determined according to the method of Ademiluyi and Oboh [29] with slight modifications. Briefly, 250 µL solution of ethyl acetate fraction of Cnidoscolus aconitifolius or acarbose at different concentrations was incubated with 500 µL of 1.0 U/mL α -glucosidase solution in 100 mM phosphate buffer (pH 6.8) at 37°C for 15 min. Thereafter, a 250 µL of pNPG solution (5 mM) in 100 mM phosphate buffer (pH 6.8) was added. The reaction mixture was incubated further for 20 min at 37°C. The absorbance of the released p-nitrophenol was measured at 405 nm.
Handling of experimental animals
Ten 10-14-weeks-old male adult Wistar albino rats weighing between 250 and 300 g were obtained from animal house of Afe Babalola University, Ado-Ekiti, and were handled in accordance with the Guide for the Care and Use of Laboratory Animals formulated by ABUAD Animal Ethical Committee with approval number ABUAD/SCI/ BCH/150. The rats were allowed to acclimatize for 2 weeks and maintained at room temperature under laboratory conditions of 12-h light/dark cycle with access to standard animal feed and water ad libitum. The handling of the animals was in accordance with ABUAD Ethical Animal Committee.
Preparation of tissues homogenate
The male albino rats were decapitated using halothane as an anesthesia and rapidly dissected. The brain and penile tissues were removed and placed on ice and weighed. These tissues were homogenized subsequently in cold saline (1/10 w/v) with mortar and pestle. Thereafter, each homogenate was centrifuged for 10 min at 3000 ×g to yield a pellet that was discarded and a low-speed supernatant (S1) that was kept for assay. [30] Determination of acetylcholinesterase and butyrylcholinesterase inhibitory activities
The inhibitory activities of ethyl acetate fraction of Cnidoscolus aconitifolius on acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) activities were determined using the Ellman's method described by Perry et al. [31] A mixture containing 0.1 M phosphate buffer with pH 8.0, 200 μL of brain tissue homogenate as the source of AChE in 100 μL of a solution of 5,5-dithiobis (2-nitrobenzoic) acid (DTNB 3.3mM), ethyl acetate fraction of Cnidoscolus aconitifolius at different concentrations, and 500 μL of phosphate buffer with pH 8.0 was incubated at 25°C for 20 min,and 100 μL of 0.05 mM solution of the substrate (acetylthiocholine iodide) was added. AChE activity was determined with a UV spectrophotometer from the changes in absorbance at 412 nm for 3 min at room temperature. This same procedure was used to determine BChE activity using butyrylthiocholine iodide as substrate.
Determination of monoamine oxidase inhibitory activity
The mixture for the reaction contained 0.025 M phosphate buffer of pH 7, 12.5 mM semicarbazide, 10 mM benzylamine (pH adjusted to 7), and 75 μL of enzyme (monoamine oxidase, MOA) and different concentrations of ethyl acetate fraction of Cnidoscolus aconitifolius dissolved in water. Thirty minutes thereafter, 250 μL of acetic acid was added and boiled for 3 min in a water bath followed by centrifugation. The resulting supernatant (1 mL) was mixed with an equal volume of 0.05% of 2,4-dinitrophenylhydrazine (DNPH), and 1.25 mL of benzene was added after 10 min and incubated at room temperature. The benzene layer was separated and mixed with the same volume of sodium hydroxide (1 N). The alkaline layer was decanted and heated for 10 min at 80°C. The orange-yellow colour formed was measured at 450 nm with the aid of a UV-spectrophotometer. [32] Determination of tyrosinase inhibitory activity
The assay was performed according to the protocol described by Macrini et al. [33] with some modifications. Aliquot of 10 µL of the solution composed of 125 U/mL of mushroom tyrosinase was added to 96-well microplates. Then 70 µL of pH 6.8 phosphate buffer solution, 60 µL of ethyl acetate fraction of Cnidoscolus aconitifolius leaves, and 350 µg/mL (in 25% dimethyl sulphoxide) were also added. To the mixture, 70 µL of L-tyrosine was added at a concentration of 0.3 mg/mL in distilled water (with a final volume of 210 µL). The absorbance of the microplate wells was thereafter read using a microplate spectrophotometer at 510 nm (T0). Then, the microplate was incubated at 30°C for 60 min and the absorbance was measured again (T1). An additional incubation period of 60 min at 30°C was done, and after this period, a new spectrophotometric reading was taken (T2).
Determination of arginase inhibitory activity
The arginase activity was estimated by the measurement of urea produced by the reaction of Ehrlich's reagent. The solution contained the following concentration: 1.0 mM Tris-HCl buffer (pH 9.5), 1.0 mM MnCl, 0.1 M arginine solution, appropriate diluted ethyl acetate fraction of Cnidoscolus aconitifolius, and 50 mM of the penile homogenate. The solution was made to a final volume of 1.0 mL. The mixture was thereafter incubated for 10 min at 37°C. The reaction was ended by adding 2.5 mL of Ehrlich's reagent (2.0 g of p-dimethyl aminobenzaldehyde in 20 mL of concentrated hydrochloric acid and made up to 100 mL with distilled water). Hence, the absorbance was read at 450 nm after 20 min of incubation at room temperature. The control experiment was performed without the test sample, and the arginase inhibitory activity was expressed as percentage inhibition. [34] Determination of purinergic enzymes Na + /K + ATPase activity The Na + /K + ATPase activity was performed according to the modified method described by Wyse et al. [35] The assay mixture consisted of 100 mL of Na + /K + ATPase substrate buffer at pH of 7.4 (containing 30 Mm Tris-HCl, 0.1 mM EDTA, 50 mM NaCl, 5 mM KCl, 6 mM MgCl 2 ), 50 µL of ethyl acetate fraction of Cnidoscolus aconitifolius, and 50 µL of brain homogenates in the presence or absence of 50 µL of ouabain (1 mM), with a final volume of 200 µL. The reaction was initiated by the addition of 50 µL of 12 mM adenosine triphosphate (ATP) after incubating for 30 min at 37°C. The reaction was terminated by the addition of 70 µL of 50% (w/v) trichloroacetic acid. The amount of inorganic phosphate (Pi) released was quantified and Na + /K + ATPase activity was reported in nmol Pi released/min/mg protein as documented by. [36] Determination of Ecto-5΄-nucleotidase inhibitory activity Twenty microliters of the brain homogenate were incubated with ethyl acetate fraction of Cnidoscolus aconitifolius (12.5-50 µg/mL) dissolved in water. The solution was added to a mixture of 10 mM MgSO4 and 100 mM Tris-HCl buffer at pH 7.5. The solution was incubated for 10 min at 37°C. Adenosine monophosphate (AMP) was added to the mixture to reach a final concentration of 2.0 mM. After 20 min, 200 µL of tricholoroacetic (10%) acid was added to the mixture to stop the reaction. The tubes containing the solution were placed on ice for 10 min. [37] Fiske and Subbarow's method [36] was used to measure the Pi that was released. Percentage inhibition was used to express enzyme inhibitory activity.
Determination of phosphodiesterase-5 inhibitory
The reaction mixture containing 5 mM of the substrate (p-nitrophenyl phenyl phosphonate), penile homogenate, 20 mM Tris buffer (pH 8.0), and ethyl acetate fraction of Cnidoscolus aconitifolius was incubated for 10 min at 37°C. The intensity of p-nitrophenol created was measured as a change in absorbance at 400 nm after 5 min. The control experiment was performed without the extract. [30] Determination of angiotensin-I-converting enzyme inhibitory activity
The inhibition of the angiotensin-I-converting enzyme (ACE) activity of the extract was determined according to the protocol described by Cushman and Cheung. [38] Different concentrations of ethyl acetate fraction of Cnidoscolus aconitifolius and 50 µL of penile homogenate as a source of ACE (4 mU/mL) were pre-incubated at 37°C for 15 min. Thereafter, the enzymatic reaction was started by adding 150 µL of 8.33 mM ACE substrate [hippuryl-l-histidyl-l-leucine (HHL)] in 125 mM of TrisHCl buffer (pH 8.3) to the solution and incubated at 37°C for 30 min. The reaction was stopped by adding 250 µL of 1M HCl. The hippuric acid (Bz-Gly) produced by the reaction was extracted with 1.5 mL of ethyl acetate. The mixture was then centrifuged to separate the ethyl acetate layer, after which the 1 mL of the ethyl acetate layer was moved to a clean test tube and evaporated to dryness. The residue was redissolved in distilled water, and its absorbance was read at 228 nm. The control experiment was performed without the test sample.
Identification of compounds by high-performance liquid chromatography coupled with diode array detector
Reversed-phase chromatographic analyses were performed under gradient conditions apex octadecyl 104 using C18 column (4.6 mm × 250 mm) packed with 5-μm diameter particles. The mobile phase with a flow rate of 0.8 mL/min consisted of a mixture of solvents: A (water/formic acid, 98:2% v/v) and B (methanol/water/formic acid, 70:28:2% v/v). The following gradient elution program was used: 0-3 min: 0% B; 3-25 min: 30% B; 25-43 min: 50% B; 43-55 min: 60% B; 55-60 min: 80% B; 60-65 min: 50% B; and 65-69 min: 0% B. Appropriate detection wavelengths were used for detection of different compounds in the extract. Ethyl acetate fraction of Cnidoscolus aconitifolius (12 mg/mL) and mobile phase were filtered through a 0.45-mm membrane filter (Millipore) and then degassed by ultrasonic bath prior to use. Stock solutions of standards were prepared in the high-performance liquid chromatography mobile phase (Shimadzu, Kyoto, Japan) in the concentration range of 0.030-0.500 mg/mL. Chromatographic peaks were assigned by comparing their retention times with those of reference standards and by comparison of DAD spectra (200-600 nm). All chromatographic runs were performed at ambient temperature and in triplicate. [39] 
Data analysis
The results of triplicate readings were pooled and expressed as mean ± standard error of the mean (SEM). One-way analysis of variance was used to analyze the mean. Post hoc treatment was performed using Duncan multiple test. Significance was accepted at p ≤ 0. 05. Also, IC 50 (extract concentration causing 50% enzyme/antioxidant activity) was determined using non-linear regression analysis [40] .
Results
The total phenol and flavonoid contents of ethyl acetate fraction of Cnidoscolus aconitifolius are 28.18 mg GAE/100g and 20.49 mg QUE/ 100 g, respectively, as indicated in Table 1 . The phenolic profile of ethyl acetate fraction of Cnidoscolus aconitifolius as shown in Figure 1 and Table 2 revealed the following compounds: coumaric acid, amentoflavone, hesperidin, protocatechuic acid, kaempferol, dihydromyricetin, quercetin, and rutin. The most abundant compound is quercetin with 6.943 mg/g, while rutin is the least with 0.233 mg/g.
As the concentration increased, the metal ion chelating radical scavenging activity of ethyl acetate fraction of Cnidoscolus aconitifolius also increased with IC 50 of 23.11 µg/mL. EDTA)was used as a standard (Figure 2 ) with IC 50 of 17.51 µg/mL. The same trend was also observed in ABTS radical scavenging activity of ethyl acetate fraction of Cnidoscolus aconitifolius with IC 50 of 14.14 µg/mL. Gallic acid was used as a standard with IC 50 of 19.50 µg/mL (Figure 3) .
Figures 4 and 5 show the percentage inhibitions of α-amylase and α-glucosidase by ethyl acetate fraction of Cnidoscolus aconitifolius and acarbose (standard drug used). As the concentration increased, there was a significant increase (p < 0.05) in both the fraction and acarbose inhibitory Values are given as mean ± standard error of the mean (SEM) (n = 3). QUE: quercetin equivalents; GAE: gallic acid equivalents. Figure 1 . Representative high-performance liquid chromatography profile of ethyl acetate fraction of Cnidoscolus aconitifolius leaves: coumaric acid (peak 1), amentoflavone (peak 2), hesperidin (peak 3), protocatechuic acid (peak 4), kaempferol (peak 5), dihydromyricetin (peak 6), quercitrin (peak 7), and rutin (peak 8).
activity of α-amylase and α-glucosidase. The ethyl acetate fraction of Cnidoscolus aconitifolius had higher inhibitory activity against α-amylase and α-glucosidase with IC 50 of 13.85 and 18.98 µg/mL compared to the acarbose with IC 50 of 17.52 and 24.51 µg/mL, respectively. The effect of ethyl acetate fraction of Cnidoscolus aconitifolius on AChE and BChE activities in vitro was investigated and the results are presented in Figures 6 and 7 , respectively. Ethyl acetate fraction of Cnidoscolus aconitifolius exhibited higher BChE inhibition with IC 50 of 56.25 µg/mL than AChE inhibition with IC 50 of 61.13 µg/ mL. The inhibition of MAO activity displayed by ethyl acetate fraction of Cnidoscolus aconitifolius as presented in Figure 8 . The activity increased with increasing in extract concentration with IC 50 of 2.56 µg/mL.
The ethyl acetate fraction of Cnidoscolus aconitifolius leaves also exhibited tyrosinase inhibitory activity ( Figure 9 ). Figure 10 shows the effect of ethyl acetate fraction of Cnidoscolus aconitifolius leaves on arginase activity. At high concentration, the inhibitory effect on arginase activity was also high. However, N-(omega)-hydroxyl-1-arginine (L-NOHA) (standard drug used) showed more inhibitory ability (IC 50 of 24.22 µg/mL) than the fraction (IC 50 of 27.56 µg/mL). Figure 11 reveals the modulatory effect of ethyl acetate fraction of Cnidoscolus aconitifolius leaves on Na + /K + -ATPase activity. The result shows that ethyl acetate fraction of Cnidoscolus aconitifolius leaves increased Na + /K + -ATPase activity with an increase in fraction concentration, therefore, causing 50% stimulatory effect of 3.05 µg/mL. Furthermore, Figures 12-14 show the inhibitory Values are given as mean ± standard error of the mean (SEM) (n = 3). potential of ethyl acetate fraction of Cnidoscolus aconitifolius leaves on Ecto-5-nucleotidase (ENTDase), phosphodiesterase-5 (PDE-5), and ACE activities. There was a significant increase in these enzymes activity as the ethyl acetate fraction of Cnidoscolus aconitifolius leaves' concentrations increased with IC 50 of 1.57, 22.51, and 56.33 µg/mL, respectively. 
Discussion
According to Oboh et al., [30] phenolic compounds have been described with several pharmacological properties, which includes antidiabetic, anti-erectile dysfunction and neuroprotective amongst others. They are useful as neuroprotective compounds because polyphenols are proficient in crossing the blood-brain barrier and improve neurotransmission, inhibit protein aggregation, prevent neuronal death, etc., as reported by Perry et al. [31] Ojo et al. [41] also reported that phenolic compounds are useful agents in the development of new nutraceuticals or pharmaceuticals products. Hence, the high phenolic content of the fraction (Table 1 ) may be useful in the management of diabetes mellitus, Alzheimer's disease, hypertension, and erectile dysfunction, etc.. Flavonoids are also major classes of phenolics, which are important in ameliorating or controlling diseases. [42] The 
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Concentration in µg/mL observed compounds in ethyl acetate fraction of Cnidoscolus aconitifolius leaves are coumaric acid, amentoflavone, hesperidin, protocatechuic, kaempferol, dihydromyricetin, quercitrin, and rutin ( Figure 1 and Table 2) . A previous study has demonstrated the roles of some of these compounds in different diseases. [43] Sarkar et al. [44] reported that iron increases the production of ROS, which induces the initiation of lipid peroxidation. In the Fenton reaction, iron II (Fe 2+ ) reacts with H 2 O 2 to produce highly reactive hydroxyl radical. This can cause damage to proteins, lipids, and nucleic acids. In this study, ethyl acetate fraction of Cnidoscolus aconitifolius leaves was able to chelate Fe 2+ (Figure 2 ), although in a concentration-dependent manner. This might be due to the phenolic nature of the fraction (Table 2) . These phenolic compounds can produce a complex with iron, so making it unavailable for stimulating the formation of reactive radicals. Therefore, Fe 2+ chelating ability of ethyl acetate fraction of Cnidoscolus aconitifolius leaves could be helpful in the management/prevention of diseases such as erectile dysfunction, Alzheimer's disease, and diabetes mellitus amongst others. This concurs with the earlier report by Oboh et al. [30] Also, ABTS scavenging property of the fraction in dosedependent manner (Figure 3 ) could be due to antioxidant nature of phenolic compounds in the plant (Table 2) .
Furthermore, the main therapeutic approach for managing hyperglycaemia in diabetes mellitus patients is by delaying glucose absorption through inhibition of two key carbohydrate metabolism enzymes (α-amylase and α-glucosidase). [45, 46] These enzymes are present in the mouth and small intestine. [47] In this study, ethyl acetate fraction of Cnidoscolus aconitifolius leaves was able to inhibit α-amylase and α-glucosidase activities in a dose-dependent manner (Figures 4 and 5) . The inhibition of carbohydrate-metabolizing enzymes by the ethyl acetate fraction of Cnidoscolus aconitifolius leaves suggests its efficacy as antidiabetic agent by prolonging the absorption time of glucose, thereby reducing the level of ingested glucose, hence retard postprandial hyperglycaemia. This finding is in agreement with the report of Ojo et al. [23] Ethyl acetate fraction of Cnidoscolus aconitifolius leaves demonstrated inhibitory effects on AChE and BChE activities (Figure 6 to 7) . Oboh et al. [48] documented that cholinesterases are significant in regulating neurotransmission through hydrolysis of acetylcholine (ACh), an important neurotransmitter in cholinergic neurons. The brain of Alzheimer's disease patient's is characterized by an increased in the activity of cholinesterases. This reduces the accessibility of ACh, causing cholinergic deficit and memory impairment. [41, 48] The inhibition of AChE and BChE exhibited by ethyl acetate fraction of Cnidoscolus aconitifolius leaves could attenuate cholinergic dysfunction, which could be attributed to phenolic nature of the fraction such as coumaric acid, amentoflavone, hesperidin, protocatechuic, kaempferol, dihydromyricetin, quercitrin, and rutin. These compounds can compete with cholinesterases substrate and blocking the enzymes active site as reported by Nordberg et al. [49] Therefore, ethyl acetate fraction of Cnidoscolus aconitifolius leaves may be useful in the management of Alzheimer's disease.
The inhibition of MOA is an important biomarker for the management of Alzheimer's diseases, and the ability of ethyl acetate fraction of Cnidoscolus aconitifolius leaves to inhibit this enzyme (Figure 8 ) is an indication of therapeutic likely in the management of Alzheimer's diseases. This decrease in MOA activity by the fraction may trigger an increase in the level of amine neurotransmitters like dopamine and serotonin and prevent degradation of amine by ROS. [50] This inhibition could be linked to the phenolic compounds in the plant fraction, due to their structural similarities with synthetic MOA inhibitors as reported by Benamar et al. [51] , which corroborate the therapeutic activity of the plant.
Neurodegenerative diseases in humans are partly caused by dopamine deficiency as reported by Meiser et al. [52] Tyrosinase catalyses the conversion of L-tyrosine to L-DOPA, then converted to dopamine by DOPA decarboxylase in the nervous system. The ability of the fraction to inhibit the activity of tyrosinase (Figure 9 ) could be linked to antioxidant nature of the phenolic compounds present in the plant (Table 2) , with the tendency to compete with the substrate when binding to the active center of the enzyme. Tyrosinase is one of the crucial enzymes for production of dopamine, and ethyl acetate fraction of Cnidoscolus aconitifolius leaves might be a likely drug that can be used for the treatment/management of neurodegenerative diseases (e.g., Alzheimer's disease).
According to Bivalacqua et al. [12] , increased arginase activity is a characteristic of diabetic penile corpus cavernosum which signifies impairment in erectile response. Conversely, decreased arginase activity in patients with erectile dysfunction has been associated with vaso-relaxation of corpus cavernosum smooth muscle by Cox et al. [53] Thus, inhibition of arginase activity could be a useful approach in the treatment/management of patients with erectile dysfunction globally. This finding observed that ethyl acetate fraction of Cnidoscolus aconitifolius leaves inhibited arginase activity in a dose-dependent manner ( Figure 10 ). This could be linked to phenolic compounds identified in the fraction. This is in agreement with the report by Akomolafe et al. [54] The obtained results also reveal that ethyl acetate fraction of Cnidoscolus aconitifolius leaves increased Na + /K + -ATPase activity in brain homogenates in a dose-dependent manner ( Figure 11 ). Oboh et al. [55] reported that decreased activity of Na + /K + -ATPase might impair learning and memory, which induces neuronal hyperexcitability and neuronal death. Na + /K + -ATPase plays an important role in the regulation of cell membrane potential and neuronal excitability by pumping Na + and K + against the electrochemical gradient across the cell membrane as reported by Wyse et al. [56] Hence, the ability of the ethyl acetate fraction of Cnidoscolus aconitifolius leaves to increase the activity of Na + /K + -ATPase might improve learning and memory and prevent neuronal dysfunction. This implies that ethyl acetate fraction of Cnidoscolus aconitifolius leaves may serve as a useful means of managing/or treating Alzheimer's disease, which may be attributed to the phenolic compounds present in the fraction.
Neurodegenerative diseases have been characterized by abnormal increase in E-NTDase linked with neuro-inflammation and neuro-immune reactions as documented by Burnstock. [57] This enzyme is involved in purinergic transmission and nucleotide-mediated signaling by regulating hydrolysis of AMP to adenosine and Pi. Hence, alteration of E-NTDase activity can trigger an increase in the level of adenosine in the synaptic cleft that may interrupt the release of other neurotransmitters like ACh, dopamine, glutamate, epinephrine, and noradrenaline. [30] In this study, ethyl acetate fraction of Cnidoscolus aconitifolius leaves demonstrated the ability to inhibit the activity of E-NTDase in a dose-dependent manner (Figure 12) , which encourages the availability of adenosine for synaptic cleft, since adenosine is useful in protecting the brain against neuronal dysfunction. The inhibitory effects exhibited by the fraction could be associated with the phenolic constituents present in the leaves.
Boswell-Smith et al. [58] reported that inhibition of PDE-5 is essential for penile erectile process. It catalyzes the breakdown of the cyclic guanosine monophosphate (cGMP) and also reduces the levels of nitric oxide (NO) in the endothelial cells, so decreasing signalling. [58] PDE-5 inhibitors (sidenafil, tadalafil, and verdanafil) usually increase the level of cGMP, stimulates activation of cGMP as well as increases NO bioavailability for the relaxation of penile tissue for penile erection, but they are characterized with series of side effects. The result revealed that PDE-5 activity was inhibited by the ethyl acetate fraction of Cnidoscolus aconitifolius leaves concentration in dose-dependent manner ( Figure 13 ). This finding supports the previous report by Shin et al. [59] The inhibitory ability of the fraction could be due to the phenolic composition of the plant leaves (Table 2) , which implies that ethyl acetate fraction of Cnidoscolus aconitifolius leaves could be used as the therapeutic agent in the management and treatment of erectile dysfunction in humans.
According to Akomolafe et al., [60] continuous increase in blood pressure (hypertension) has been described as one of the causes of erectile dysfunction coupled with angiotensin-II. Thus, inhibition of angiotensin-II secretion by ACE inhibition could be a source of therapeutic target in the management/treatment of hypertension and hypertensive-induced erectile dysfunction. Also, the inhibition of ACE activates the release of NO as well as bradykinin (active compound in erectile function process) as reported by Akomolafe et al. [60] Thus, the inhibition of ACE activity by ethyl acetate fraction of Cnidoscolus aconitifolius leaves in the present study ( Figure 14) could be linked to interaction between the phenolics compounds present in the plant with disulphide bridge of the enzyme in the active site of the enzyme as reported by Ademiluyi et al. [61] This is in line with earlier report by Akomolafe et al. [60] Conclusion Ethyl acetate fraction of Cnidoscolus aconitifolius leaves demonstrates the ability to scavenge metal ion chelation and ABTS radical scavenging. The fraction also inhibits the activities of α-amylase and α-glucosidase, cholinesterases, MOA, tyrosinase, arginase, sodium/potassium ATPase, E-NTDase, PDE-5, and ACE in a dose-dependent manner. These may be attributed to the phenolic compounds found in the fraction. This study suggests that ethyl acetate fraction of Cnidoscolus aconitifolius leaves shows encouraging potential for the management/or treatment of diabetes mellitus, neurodegenerative diseases, and erectile dysfunction.
